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Abstract 
 
 
THE PREVALENCE OF INTRAPULPAL CRACKS IN 1ST AND 2ND 
MANDIBULAR MOLARS REQUIRING NON-SURGICAL ROOT CANAL 
TREATMENT 
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A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science 
in Dentistry at Virginia Commonwealth University. 
 
Virginia Commonwealth University, 2014 
 
Director: Karan J. Replogle, DDS, MS 
Program Director, Department of Endodontics 
 
 
Few studies have reported the incidence or prevalence of cracked teeth with pulpal 
involvement. No attempts have been made to evaluate the prevalence or clinical predictors for 
intrapulpal cracks. The purpose of this study was to investigate the prevalence of intrapulpal 
cracks in first and second mandibular molars and to determine if clinical findings are predictive 
for the existence of intrapulpal cracks. First and second mandibular molars (190) requiring non-
surgical root canal treatment at the VCU Graduate Endodontic Practice between February 15, 
2013 and August 15, 2013 were analyzed retrospectively. Teeth were transilluminated, stained, 
and inspected for intrapulpal cracks using a dental microscope. Data gathered included: 
demographics, subjective and objective information regarding the chief complaint to include bite 
stick test, transillumination, probing depths greater than 4mm, existing restorations, and 
diagnosis. Chi-square and logistic regression were performed (p<0.05).  
  
The prevalence of intrapulpal cracks in first and second mandibular molars combined was 
9% (17/190, 95%CI= 5.7% to 13.9%). The prevalence was 7% for 1
st
 molars and 13% for 2
nd
 
molars. There was no statically significant difference in the prevalence between first and second 
mandibular molars. Individual characteristics predictive for the existence of intrapulpal cracks 
were age, probing depth greater than 4mm, transillumination and a positive Tooth Slooth™ test 
(all p<0.05). Staining of the pulp chamber after access identified only one of 17 intrapulpal 
cracks. Staining of the pulp chamber did not significantly increase the ability to identify 
intrapulpal cracks. Neither diagnosis, sex, nor existing restorations were significant predictors for 
intrapulpal cracks. Probing depth greater than 4mm, age over 40 and a positive Tooth Slooth™ 
test were conjointly significant for predicting intrapulpal cracks.
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Introduction 
 
 
 
Patients with cracked teeth complain of a variety of symptoms and often have trouble 
describing their pain. Erratic pain during chewing, especially upon biting release and extreme 
sensitivity to cold food/beverages has been described by some researchers as signs and 
symptoms of cracked teeth (1-8). Patients often describe a history of pain that is difficult to 
diagnose and a history of treatment that has failed to reduce their symptoms. Since cracked teeth 
are usually not apparent radiographically (9), the diagnosis is made based on the patient’s dental 
and medical history and ruling out or eliminating other possible sources of pain (7). Patients 
describe their dental pain in a variety of ways and diagnostic testing yields conflicting results. 
Even the most skilled practitioner who listens carefully for diagnostic clues and consistently 
utilizes a wide variety of diagnostic tools may still misdiagnose a cracked tooth.  
Gibbs (10) was the first to describe symptoms arising from an incomplete cuspal fracture 
and termed this condition as “cuspal fracture odontalgia”. Cameron (3) coined the term “cracked 
tooth syndrome” and described signs, symptoms and recommended treatment for cracked teeth. 
Several authors have proposed classifications for cracked teeth based on the type or location, 
direction and extent, and projected symptoms (11-13). In 1997 the American Association of 
Endodontics identified the 5 types of cracks in a document titled “Cracking the Cracked Tooth 
Code”. These cracks were identified as craze lines, cuspal fractures, cracked teeth, split teeth, 
and vertical root fractures (14). Rivera introduced the term “longitudinal tooth fracture” which 
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implies that fractures have both a distance and a time component (15). He purported that 
longitudinal cracks can propagate apically with time and if left untreated the integrity of the pulp 
could ultimately be compromised. The most recognized classification system proposed by the 
American Association of Endodontics essentially describes the external clinical presentation of 
coronal cracks. However, cracks that have propagated in a corono-apical direction involving the 
pulp chamber also have internal characteristics that have yet to be classified.  
For purposes of this study, once a crack has propagated into the pulp chamber it is 
defined as an intrapulpal crack. The term intrapulpal implies a direct communication anywhere 
in the pulp chamber to the external environment by way of a propagated coronal fracture. This is 
different from “split tooth” where the tooth is split into two separate segments involving the 
middle to apical root structure (14).  
Dentinal pain is caused by the rapid movement of fluid within the dentinal tubules, which 
Brannstrom described as the hydrodynamic theory (6). This capillary action can be created when 
dentin is exposed to thermal stimulation or mechanical forces. He concluded that pressure 
between fractured cusps also cause fluid movement within the dentinal tubules causing pain, 
especially upon pressure release. Distinguishing between the symptoms of a cracked tooth and 
dentin hypersensitivity from exposed dentin tubules proves extremely difficult given that both of 
these conditions present with the same nociceptor activation described by Brannstrom. Cameron 
described “cracked tooth syndrome” as pain to pressure on release and to thermal stimulation (3, 
16). He also stated that early diagnosis could prevent cracks from propagating into the pulp. 
Unfortunately, early signs and symptoms of cracked teeth may elude clinical testing or in some 
cases, patients may not remember any history of pain (3).  
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Challenges faced by practitioners are the lack of evidence-based pathognomonic 
symptoms, the inability to reproduce symptoms with current clinical testing modalities, and 
confusion with the similar symptoms of dentin hypersensitivity. A study conducted on the 
perception of dentin hypersensitivity revealed that 92% of dentists claim to see these patients in 
their practices and that at least one in four of their patients suffer from the condition (17). Under 
most circumstances, endodontic treatment is not rendered in hypersensitive teeth with normal 
radiographic findings along with a normal pulpal and periapical status. This can be frustrating to 
patients experiencing dentinal pain searching for immediate relief of their symptoms. Since 
dentin hypersensitivity is essentially a diagnosis of exclusion (18), teeth with undiagnosed cracks 
may be treated for hypersensitivity and simply monitored. When pulpal or periapical 
inflammatory changes can be detected endodontic intervention is justified.  
The idea that coronal cracks may propagate into the proximity of the pulp chamber has 
been well established. Berman and Kuttler suggested that a necrotic tooth, which has no 
significant restorations or caries, is likely caused by a significant mesial to distal longitudinal 
crack (2). Hiatt also postulated that if a crack is able to progress into the deeper structures of the 
tooth, bacterial invasion might occur resulting in pulpal lesions (4). Many different signs and 
symptoms may be present in cracked teeth including various forms of pulpitis with some having 
symptoms of apical or lateral periodontitis (1).  If the clinician fails to identify the presence of a 
crack, a tooth may be endodontically treated solely based on the pulpal and periapical diagnosis 
without justifying the etiology. This could leave a tooth susceptible to a secondary infection or a 
complicated tooth fracture rendering the tooth non-restorable. Abbott and Leow suggested that 
after the status of the pulp and periradicular tissues are diagnosed, then the cause should be 
identified. This includes removing all the restorations, caries, and cracks to confirm the diagnosis 
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(1). Abou-Rass also suggested the removal of coronal restorations and chasing cracks with a 
high-speed bur to identify pulpal involvement. He postulated that if a crack is chased pulpally 
then radicular involvement is likely (9). 
Understanding the potential pathways for the invasion of bacteria into the root canal 
system is the key for successful diagnosis and management of cracked teeth. The dental pulp and 
dentin form a complex, which is protected from the oral cavity by overlying enamel and 
cementum (19). When bacteria are able to infect this pulp-dentin complex, a pulpal inflammatory 
reaction will result (20). In order for pulpal and periapical disease to occur, microorganisms must 
first gain access into the root canal system (20, 21). The invasion of bacteria into the pulp may be 
established through caries, restorative or periodontal procedures, tooth wear, enamel or dentin 
cracks, or by dental trauma (9, 19, 22, 23). Tronstad reported that the crown of the tooth is the 
main portal of entry for bacteria into the pulp and root canal space (24). Using a bacterial 
microleakage model in vitro, Love demonstrated bacterial infection of the root canal system 
occurs after stimulated traumatic injuries in intact crowns (19). He suggested that enamel/dentin 
infractions are pathways for bacterial invasion in traumatized teeth. Intrapulpal cracks also 
provide this pathway for bacterial invasion, which may ultimately result in the primary or 
secondary infection of the root canal system. Therefore, the clinical diagnosis of pulpal or 
periapical disease should include determining and eliminating any route of infection to ensure a 
favorable prognosis of endodontic therapy. 
Of the many pathways for bacteria to enter the pulp, cracks are the most challenging to 
identify. Research has shown that the correct diagnosis of cracked teeth is challenging due to the 
obscure etiology and mixed symptoms (1-4, 7-9, 25). In a study by Brady et al (26), 20% of 
patients referred to the endodontic practice with diagnostic uncertainties were diagnosed with 
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incomplete tooth fractures. The diagnosis of a cracked tooth is predominantly based on a 
thorough history elicited from the patient, clinical findings, and the utilization of specific 
diagnostic tests. When exogenous staining is present and a crack is visible, the diagnosis is 
simple, however the most common mesial to distal cracks are usually invisible (25). By utilizing 
tools such as transillumination, bite stick test, and methylene blue staining with visual inspection 
under magnification, cracks can be visually located (9, 25).  
Visualization is required for a clinician to make an absolute diagnosis of a crack. Fiber-
optic transillumination, magnification, and methylene blue stain are essential aids used for 
diagnosing cracked teeth (3, 9, 27). Cameron first described transillumination as a visual method 
for diagnosing cracked teeth (3). This is probably the most common method for diagnosing 
cracks and involves placing a light source directly on the surface of the tooth. A crack that has 
penetrated into the dentin will cause a disruption in light transmission revealing a crack line. 
Clark (13) recommended a self-illuminating dental microscope for the routine inspection and 
identification of cracks. The visualization of intrapulpal cracks may also be enhanced using this 
method as the coaxial shadowless light can be directed into the pulp chamber. Cracks can also be 
highlighted for ease of visualization with methylene blue stain. Abou-Rass (9) suggested 
enhancing crack lines with methylene blue dye and described the following method for applying 
the stain.  First the dye is applied to a cotton pledget and applied to the area to be tested.  For 
maximum contact and permeability the dye is applied on the area for a few minutes. Finally, 
cotton moistened with 2% sodium hypochlorite is used to wipe any residual dye away from the 
area. In a review of case histories where pulpally involved cracks were detected in molars, 
methylene blue staining along with fiber optic transillumination was described as necessary for 
highlighting the crack line (27).  
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Other diagnostic tools such as the bite stick test and the periodontal probe are used in 
conjunction with direct visualization for establishing the diagnosis of a cracked tooth. Cameron 
identified pain to pressure as the most common complaint of patients with cracked teeth and 
suggested having patients bite on a wooden stick in order to locate the crack (3). Cameron and 
other authors have also suggested that brief pain upon release of biting pressure is a good 
indicator that a crack does exist (8, 9, 16). A commonly used tool for reproducing pain on biting 
is the Tooth Slooth™ (Professional Results, Inc., Laguna Niguel, CA). Ehrmann (5) first 
recommended using the Tooth Slooth™ for isolating a specific cusp and testing for pain on 
biting or release. The Tooth Slooth™ test is useful in reproducing tooth pain but it does not 
establish an absolute diagnosis alone.  
The periodontal probe is used to help establish the diagnosis of a cracked tooth when an 
associated fracture line has extended subgingivally (28). Periodontal probing in small increments 
circumferentially around the long axis of the tooth may reveal a narrow defect that forms around 
a crack (14). However, a narrow probing defect is not always the case and may be absent in 
cracks that have not propagated subgingivally (28). Hiatt illustrated that the nature of incomplete 
fractures may progress either from the pulpal tissues involving the periodontal tissues in a 
retrograde fashion or vice versa (4). Furthermore, the placement of the periodontal probe down 
the true long axis of a tooth may not be possible where mesiodistal cracks have propagated 
below interproximal contacts.  
 The highest rates of cracked teeth have been found among patients over 40 years 
old (1, 3, 16, 29). Although some research has suggested a high prevalence of cracked teeth 
among female patients (1, 3, 16, 30), recent studies suggest that both sexes are equally affected 
(29). Most researchers agree mandibular molars have the highest frequency of coronal fractures 
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(3-5, 9, 31). Cameron (16) postulated this is likely due to excessive posterior forces during 
mastication creating a “nutcracker” effect of the jaws. He proposed that mandibular molars are 
wedged apart by excessive force from the lingual cusp of the maxillary molar during mastication. 
Some researchers demonstrate teeth with large existing restorations are prone to fracture (8, 10, 
16, 31, 32). Ratcliff et al. have estimated that restorations can predispose a tooth to a risk of 
fracture by 29 fold times greater than a healthy non-restored tooth (33). Homewood (30) 
examined 62 consecutive cracked teeth over a 15-month period and found cracks are three times 
more likely to occur when one or both marginal ridges are restored. Other researchers found 
cracked teeth occurring more frequently in non-restored or minimally restored teeth (4, 29). Hiatt 
(4) reported 69% of all fractures occurring in mandibular molars and that these fractures 
occurred in sound teeth as readily as heavily restored teeth.  
Early clinical studies suggest the idea of crack propagation leading to pulpal involvement 
but no attempts were made to visually evaluate the existence of these intrapulpal cracks (3, 4, 
16). Eakle et al, found that 18% of 206 complete and incomplete fractures of posterior teeth 
involved the pulp (31). Recent studies have evaluated the prevalence of cracked teeth requiring 
non-surgical root canal therapy in which the pulp chamber is involved. In a prospective 1-year 
cohort study by Roh et al (29), 154 cracked teeth were identified, of which 42.2% required root 
canal treatment. In 2007, Krell and Rivera approximated that 21% of cracked teeth diagnosed 
with reversible pulpitis and treated with full coverage crowns would become irreversibly 
symptomatic or necrotic and require NSRCT within 6 months (34). Although these clinical 
studies reveal that coronal cracks are a significant etiology of pulpal and periradicular disease, 
they do not verify, describe or quantify the extent of the crack within the pulp chamber.  
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 Previous studies have classified cracked teeth based on external characteristics without 
describing the internal tooth anatomy that may also be involved. The term intrapulpal crack 
should be used to describe cracks located on pulp chamber walls, which allow communication 
between the pulpal tissues and the external environment. This communication not only poses the 
risk of a primary infection but also is a potential avenue for bacteria to establish a secondary 
infection after initial endodontic treatment. Clinical testing and direct visualization in which 
specific diagnostic tools are utilized is believed to result in the proper identification and 
diagnosis of cracked teeth. Since intrapulpal cracks are the result of propagating longitudinal 
coronal fractures, the clinical tools used for the identifying coronal fractures may also predict the 
existence of intrapulpal cracks.  
The purpose of this study is to investigate the prevalence of intrapulpal cracks in first and 
second mandibular molars requiring non-surgical root canal treatment or retreatment and to 
determine if clinical findings are predictive for the existence of intrapulpal cracks. 
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Materials and Methods 
 
 
 This study was conducted with IRB approval (#HM15532) as a retrospective chart review of 
all patients having non-surgical root canal treatment of a 1st or 2nd mandibular molar in the 
VCU Graduate Endodontic Practice between February 15, 2013 and August 15, 2013. All first or 
second mandibular molars requiring non-surgical root canal treatment or retreatment were 
evaluated for the existence of intrapulpal cracks. All patients included in this study were referred 
from the pre-doctoral student clinics as well as the AEGD residency, Faculty Practice, and 
outside practitioners. First and second year endodontic residents performed the evaluation and 
treatment of all cases.  
 The initial examination of each patient included the following data recorded in the patient’s 
electronic record: 
Subjective Symptoms: Chief Complaint, History of Symptoms, Quality of Pain and 
Provoking Factors Including: Cold, Heat, Chewing / Biting 
Diagnostic Testing:  Cold test, Bite test (Biting and Release), Percussion, 
Transillumination, Mobility, and Probing Depths  
Radiographic Evaluation: Presence or Absence of a Periapical Radiolucency, Size of the 
Periapical Radiolucency, Periodontal defects present (Isolated, Generalized, or Vertical) 
Diagnosis:  
Pulpal: Symptomatic Irreversible Pulpitis, Asymptomatic Irreversible Pulpitis, Pulpal 
Necrosis, Previously Treated 
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Periapical:  Normal Periapical Tissues, Symptomatic Apical Periodontitis, Asymptomatic 
Apical Periodontitis, Acute Apical Abscess, and Chronic Apical Abscess 
The diagnostic testing was completed using the following: Refrigerant Spray – 1,1,1,2 
TetraFluoroEthane (Endo Ice), mouth mirror, Tooth Slooth™ (Professional Results, Inc., Laguna 
Niguel, CA), fiber optic transilluminator, and periodontal probe.  Radiographic evaluation of the 
patient was assessed using periapical radiographs taken with Dexis CCD digital sensors (Dexis 
LLC, Hatfield, PA).  
An Intrapulpal Cracked Tooth Template was created previously for data gathering and 
documentation purposes as part of the Graduate Endodontic policy for treatment of teeth 
requiring non-surgical root canal treatment or retreatment in the Graduate Endodontic Practice. 
Residents were instructed and calibrated on the use of the guidelines and the template for data 
collection.  The treating clinician followed these guidelines and all documentation was recorded 
in the patient’s electronic chart (axiUm) or the Intrapulpal Cracked Tooth Template. During the 
initial examination, the Intrapulpal Cracked Tooth Template was utilized to record the following 
yes or no questions relating to subjective assessment and clinical exam: 
 Is the tooth referred for an evaluation of a suspected crack?  
 Does the patient report a history of pain provoked by chewing/biting?  
 Do you expect that transillumination of this tooth will reveal a crack? 
 Are any probing depths of this tooth greater than 4mm?  
 Did transillumination of this tooth reveal a crack?  
 Is this the most distal tooth in the arch? 
Following the initial evaluation and diagnosis, informed consent was obtained. After the patient 
was anesthetized, the tooth was isolated with a rubber dam and a digital picture of the occlusal 
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surface was taken. All images were stored in the patient’s electronic chart.  
Each tooth was accessed for orthograde treatment or retreatment utilizing the same 
protocol stipulated in the VCU graduate guidelines for evaluating teeth with intrapulpal cracks. 
A staining protocol was used to assess the ability of methylene blue to enhance the visualization 
of intrapulpal cracks. After cleaning and shaping of the root canal system, the pulp chamber was 
inspected for intrapulpal cracks utilizing an OPMI pico dental microscope (Carl Zeiss Meditec, 
Jena, Germany) at a magnification of 1.6. (The OPMI pico microscope provides 5 magnification 
settings: 0.4, 0.6, 1.0, 1.6, and 2.5, which correspond to the following magnifications, depending 
on the focal length of the objective: 250 nm: 3.40x, 5.10x, 8.50x, 13.60x, 21.25x; 300 nm: 2.83x, 
4.25x, 7.08x, 11.33x, 17.71x.) 
After the initial inspection of the pulp chamber, the clinician could choose either yes or 
no for the presence of an intrapulpal crack on the template. If an intrapulpal crack was visualized 
then the tooth was stained and data was collected for use in the intrapulpal crack tooth study of 
Dr. Matt Detar. If no intrapulpal crack was visualized, the pulp chamber was stained with Vista 
Blue™ (Vista Dental Products, Racine, WI) for 5 minutes. The stain was then rinsed from the 
pulp chamber and the chamber inspected for the presence of intrapulpal cracks under a 
magnification of 1.6. The findings were recorded as yes or no on the template for the presence of 
an intrapulpal crack after staining. 
 A total of 190 patients requiring non-surgical root canal treatment or retreatment of a first or 
second mandibular molar between February 15, 2013 and August 15, 2013 met the inclusion 
criteria for this study. All teeth were documented according to the universal numbering system as 
one of the following: #18, #19, #30, and #31.  
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 Data are summarized using percentages, means, and standard deviations as appropriate. 
All analyses were performed using SAS software (JMP version 10, SAS Institute Inc., Cary, 
NC). Comparisons were done using chi-square test or logistic regression. Significance was 
declared at alpha<0.05. 
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Results 
 
 
 
This study was retrospective in nature; therefore, not all values were recorded in every 
case. In 67 cases no staining values were recorded. These cases were excluded for the 
comparison of the detection of intrapulpal cracks before and after staining of the pulp chamber. 
For all other analysis the primary outcome variable (detection of an intrapulpal crack after 
staining) was set to NO for these 67 cases. In some cases a “before” staining value was recorded 
but no value was recorded for the “after” staining value. For these cases the “after” staining 
value was set to what the “before” staining value was. This assumes that if an intrapulpal crack 
was visualized prior to staining it was also visible after staining. All other missing values were 
recorded as missing data. 
The first section of results describes the 190 cases and the values of the variables 
recorded. In the second section, the specific aims are addressed i.e., the associations between 
individual characteristics and cracked teeth. In the third section, the associations between 
individual predictors for intrapulpal cracks are addressed. 
Description of cases 
Between February 15, 2013 and August 15, 2013, 190 cases met the selection criteria (Table 1). 
Nearly 56% of cases were from females (106 females and 84 males) and 71% of all cases were 
first molars (135 first molars and 55 second molars). The average age of patients was 40 years 
(SD = 19.5, range = 9 to 81 years).  
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Table 1. Description of Cases 
Characteristic N Percent 
Sex 
Female 106 55.8 
Male 84 44.2 
Tooth # 
18 24 12.6 
19 70 36.8 
30 65 34.2 
31 31 16.3 
 
Subjective questions recorded at initial patient intake are described in Table 2. Only eight cases 
(4.4%) were referred for the evaluation of a suspected crack. In 58 cases (33.3%) patients 
reported a history of pain provoked by chewing/biting.  
Table 2. Referral and Patient History 
Characteristic N Percent 
Is this tooth being referred to you for an 
evaluation of a suspected crack? 
No  173 95.6 
Yes  8 4.4 
(Missing) 9  
Does the patient report a history of pain that 
is provoked by chewing/biting? 
No  116 66.7 
Yes (all combined) 58 33.3 
 slooth unknown 34 19.5 
 slooth – 6 3.4 
 slooth + 18 10.3 
(Missing) 16   
 
In 113 cases, transillumination was not expected to reveal a coronal crack (85.6%).   After 
transillumination, 17.9% of teeth revealed a coronal crack (Error! Reference source not 
found.3). Probing depths greater than 4mm existed in 15% of teeth with data missing in 7 cases 
total.  
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Table 3. Clinical History 
Characteristic N Percent 
Do you expect that transillumination of this tooth 
will reveal a crack? 
No 113 85.6 
Yes 19 14.4 
(Missing) 58  
Did transillumination of this tooth reveal a crack? 
No 96 82.1 
Yes 21 17.9 
(Missing) 73  
Are any probing depths of this tooth greater than 
4mm? 
No 155 84.7 
Yes 28 15.3 
(Missing) 7  
Pulpal diagnosis 
Normal pulp 5 2.6 
Symptomatic Irreversible 
Pulpitis 71 37.6 
Asymptomatic Irreversible 
Pulpitis 9 4.8 
Previously Initiated 7 3.7 
Previously Treated 40 21.2 
Necrotic Pulp 57 30.2 
Reversible Pulpitis 0  
(Missing) 1  
Apical diagnosis 
Symptomatic Apical 
Periodontitis  85 45.0 
Asymptomatic Apical 
Periodontitis  39 20.6 
Acute Apical Abscess 8 4.2 
Chronic Apical Abscess 20 10.6 
Normal Apical Tissues 37 19.6 
Condensing Osteitis 0  
(Missing) 1   
 
Of the 190 teeth that met the inclusion criteria, (88%) were diagnosed with a pulpal status 
of either symptomatic irreversible pulpitis (37%), necrotic pulp (30.2%), or previously treated 
(21.2%). The most frequent apical diagnosis was symptomatic apical periodontitis comprising 
45% of all cases. The distribution of pulpal and apical diagnoses is shown in Table 3.   
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The primary outcome of interest was the presence or absence of a cracked tooth, as 
determined after staining. In the 190 teeth studied, 9% were cracked (n = 17). A 95% confidence 
interval on this overall prevalence rate is 5.7% to 13.9%. [What this prevalence indicates is that 
if one simply predicts “no crack”, this prediction will be correct in 91% of the cases.]  
Association between Clinical Predictors and Cracked Teeth 
In order to test for the association between the characteristics which may be associated 
with a cracked tooth, the analysis proceeded in two stages. The first stage of preliminary analysis 
simply looked at the association between the outcome and each characteristic, ignoring all of the 
other characteristics. This preliminary analysis screened each characteristic to determine which 
characteristics may be included in the final analysis. In the final analysis, a multiple logistic 
regression was used to determine which of the successfully screened variables remain 
statistically significant when all the other characteristics are adjusted for. 
 There was no association between whether a tooth was cracked and sex or tooth number 
but there was a significantly higher risk after age 40 (Table 4). The prevalence of intrapulpal 
cracks associated with vital and necrotic cases was 19.6% (7/80) and 14% (8/57) respectively. 
No relationship was found between the pulpal or periapical diagnosis and the existence of an 
intrapulpal crack (Table 6). 
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Table 4. Demographics and Tooth Location  
 Cracked after staining?  % (N)  
Sex No Yes Total 
Female 90.6 (96) 9.4 (10) 106 
Male 91.7 (77) 8.3 (7) 84 
Total 91.1 (173) 8.9 (17) 190 
Chi-square p = 0.7913      
 Cracked after staining?  % (N)  
Tooth # No Yes Total 
18 83.3 (20) 16.7 (4) 24 
19 92.9 (65) 7.1 (5) 70 
30 92.3 (60) 7.7 (5) 65 
31 90.3 (28) 9.7 (3) 31 
Total 91.1 (173) 8.9 (17) 190 
Chi-square p= 0.5971      
 Cracked after staining?  % (N)  
Age decade No Yes Total 
Under 20 97.6 (41) 2.4 (1) 42 
20s 100.0 (32) 0.0 (0) 32 
30s 95.7 (22) 4.3 (1) 23 
40s 85.0 (17) 15.0 (3) 20 
50s 82.9 (29) 17.1 (6) 35 
60s 80.0 (20) 20.0 (5) 25 
70+ 92.3 (12) 7.7 (1) 13 
Total 91.1 (173) 8.9 (17) 190 
Chi-square p = 0.0021      
 
There was a significant association between whether there was a referral suspecting a 
crack (p = 0.0261, Table 5). Overall, 9% of the molars included for analysis had intrapulpal 
cracks but this percentage increases to 38% in the teeth referred because of a suspected crack. 
There was a significant association with a positive Tooth Slooth™ test and the existence of an 
intrapulpal crack. A positive Tooth Slooth™ test was recorded in six of the 17 intrapulpally 
cracked teeth (33%, Table 5). Transillumination had a strong association with intrapulpally 
cracked teeth. A positive transillumination was associated with 57% of the intrapulpal cracks 
recorded (p = <0.0001, Table 5). A deep probing depth (> 4mm) was also significantly 
associated with intrapulpal cracks.  An additional analysis indicated that when the four pain on 
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biting categories are collapsed into “slooth+” vs “other”, there was a significant association (p= 
0.0004). 
Table 5.  Association of Clinical Characteristics 
Referred for Cracked after staining?  % (N)  
Crack No Yes Total 
No 91.9 (159) 8.1 (14) 173 
Yes 62.5 (5) 37.5 (3) 8 
Total 90.6 (164) 9.4 (17) 181 
Chi-square p = 0.0261      
Pain on Cracked after staining?  
Biting No Yes Total 
No 92.2 (107) 7.8 (9) 116 
Yes 94.1 (32) 5.9 (2) 34 
Yes/slooth- 100.0 (6) 0.0 (0) 6 
Yes/slooth+ 66.7 (12) 33.3 (6) 18 
Total 90.2 (157) 9.8 (17) 174 
Chi-square p = 0.0191      
Expect trans Cracked after staining?  % (n)  
show crack No Yes Total 
No 93.8 (106) 6.2 (7) 113 
Yes 47.4 (9) 52.6 (10) 19 
Total 87.1 (115) 12.9 (17) 132 
Chi-square p = <0.0001      
Trans actually Cracked after staining?  % (N)  
show crack No Yes Total 
No 95.8 (92) 4.2 (4) 96 
Yes 42.9 (9) 57.1 (12) 21 
Total 86.3 (101) 13.7 (16) 117 
Chi-square p = <0.0001      
Probing Cracked after staining?  % (N)  
> 4mm No Yes Total 
No 93.5 (145) 6.5 (10) 155 
Yes 75.0 (21) 25.0 (7) 28 
Total 90.7 (166) 9.3 (17) 183 
Chi-square p = 0.0061      
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Table 6. Association of Diagnosis 
Pulpal Cracked after staining?  
Diagnosis No Yes Total 
Normal pulp 100.0 (5) 0.0 (0) 5 
Symptomatic Irreversible Pulpitis 91.5 (65) 8.5 (6) 71 
Asymptomatic Irreversible 
Pulpitis 88.9 (8) 11.1 (1) 9 
Previously Initiated 100.0 (7) 0.0 (0) 7 
Previously Treated 95.0 (38) 5.0 (2) 40 
Necrotic Pulp 86.0 (49) 14.0 (8) 57 
Total 91.0 (172) 9.0 (17) 189 
Chi-square p = 0.4426      
Apical Cracked after staining?  
Diagnosis No Yes Total 
Symptomatic Apical Periodontitis  85.9 (73) 14.1 (12) 85 
Asymptomatic Apical 
Periodontitis  97.4 (38) 2.6 (1) 39 
Acute Apical Abscess 100.0 (8) 0.0 (0) 8 
Chronic Apical Abscess 90.0 (18) 10.0 (2) 20 
Normal Apical Tissues 94.6 (35) 5.4 (2) 37 
Total 91.0 (172) 9.0 (17) 189 
Chi-square p = 0.1237      
 
Adjusted Analyses 
All of the previous analyses looked at the relationship of a single predictor to the 
outcome of interest. That is, the following characteristics were found to be related to cracked 
teeth when all other characteristics were ignored: Age, whether the tooth was referred for a 
crack, pain on biting, whether a crack was expected upon transillumination, and probing pocket 
depth. A multiple logistic regression analysis indicated that the following characteristics were 
not significant after other factors were accounted for: whether the tooth was referred for a crack 
(p = 0.2156) and pain on biting (p = 0.1013). Whether a crack was expected upon 
transillumination was missing in 58 cases and so it was excluded from further analysis. 
The final multiple logistic regression analysis indicated that both age and pocket depth 
was significantly related to the presence of an intrapulpal crack.  That is, after adjusting for age, 
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deep pockets remain significant (p = 0.0255) and after adjusting for this, age remained 
significant (p = 0.0106). That is, logistic regression predicts a crack from age and pocket depth. 
This predicted relationship is shown in Figure 1. The red cases have deep pockets and the green 
cases do not. The predicted probability of a crack increases with age. When the predicted 
probability is greater than 9% then the formula predicts a cracked tooth. Using this cutoff, the 
relationship indicates a sensitivity of 71% and a specificity of 71%. The highlighted symbols in 
the plot are the actual cracked teeth. 
 
Figure 1. Relationship between Age, Probing Depth, and the Probability of an Intrapulpal 
Crack. 
 
  An additional analysis was performed to consider the pain on biting collapsed categories 
(i.e., “slooth+” vs “other”). When adjusting for age and probing >4mm, this variable was also a 
significant predictor (p = 0.0040). In this case, when the predicted probability exceeds 0.065 the 
sensitivity is 94% and specificity is 66%. Figure 2 shows the predicted probability of an 
intrapulpal crack using Tooth Slooth™, age, and probing >4mm. The brackets including the top 
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2 plotted lines both above the prevalence level of 9% represent the Tooth Slooth™ positive 
cases. The brackets including the bottom 2 plotted lines both above and below the prevalence 
level of 9% represent the Tooth Slooth™ negative cases.  
 
Figure 2. Relationship between Age, Probing depth, Slooth+ and the Probability of an 
Intrapulpal Crack. 
 
 
Slooth negative or not done 
Slooth positive 
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Discussion 
 
 
 
Of the 190 mandibular molars included in this study, 17 were identified as having 
intrapulpal cracks giving a prevalence of 9% (17/190, 95%CI= 5.7% to 13.9%). This is the only 
study to date that has evaluated the prevalence of intrapulpal cracks in molars. Until now 
previous studies have merely inferred the existence of intrapulpal cracks in cracked teeth that 
necessitate root canal treatment (3, 4, 16, 29, 31). Previous studies have shown that traumatized 
teeth with pulpal infections are likely the result of crown infractions allowing an avenue for 
bacterial penetration (19, 22, 23). Intrapulpal cracks are likely the result of propagated 
longitudinal coronal fractures that allow a direct external communication of the oral environment 
to the pulpal tissues. Since no studies have evaluated the existence of intrapulpal cracks, 
comparisons can only be made between this study findings and previous studies that have 
evaluated longitudinal coronal fractures. Therefore, the study findings herein provide a 
correlation of the clinical characteristics of coronal fractures with the probability of pulpal 
involvement or intrapulpal cracks necessitating NSRCT.  
The prevalence for intrapulpal cracks found in this study was 9% and is consistent with 
Krell and Rivera (34) who examined 8,175 cases over a 6-year period and diagnosed 796 cracked 
teeth (9.7%). Although their study analyzed maxillary and mandibular molars and premolars 
with coronal fractures, mandibular molars comprised almost half the total number of cracked 
teeth. Cameron (16) postulated that mandibular molars are more susceptible to fracture due to 
their posterior location in relationship to the hinge of the jaws. Ehrmann and Tyas (5) suggested 
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that the lingual cusp of maxillary molars could act as a plunger in the central fossa of lower 
molars inducing structural fatigue while the oblique ridge of the maxillary molars provided the 
strength to resist such fractures. Some studies reporting the prevalence of mandibular molars to 
coronal fractures excluded teeth in their study design making direct comparisons difficult. Hiatt 
(4) reported a high number of incomplete fractures occurring in mandibular first and second 
molars (69%), but heavily restored teeth and those with full coverage crowns were excluded 
from his study. Our study included all teeth requiring non-surgical root canal treatment including 
heavily restored teeth and full coverage restorations. Cameron (16) examined and sectioned 50 
cracked teeth. He excluded fractured teeth and those with root canal fillings from his study and 
found mandibular second molars to be the most frequently cracked. The study herein included all 
mandibular molars including previously treated teeth and those with existing fractures. 
Therefore, this study’s findings might be a closer representation of the actual prevalence of 
intrapulpal cracks as no teeth needed to be excluded for the visualization and diagnosis of these 
cracks.  
This study sought to identify relationships between the existence of intrapulpal cracks 
and gender, tooth number, existing restorations and pulpal or periapical diagnosis. However, no 
relationship between the existence of intrapulpal cracks and gender, tooth number, existing 
restorations or pulpal and periapical diagnosis was found. Although some have suggested that 
women are more susceptible to coronal fractures, (1, 3, 16) this study findings are consistent with 
Roh (29) who found men and women equally affected after analyzing 154 cases of cracked teeth. 
Previous studies examining coronal fractures were only interested in correlating symptoms 
instead of the actual pulpal or periapical diagnosis (9, 16, 29, 33). Therefore, no comparisons can 
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be made between this study and others for the relationship between pulpal and periapical 
diagnosis and the prevalence of fractures. 
The current study found age to be significantly associated with intrapulpal cracks with 
ages 40 and over having an increased risk. Similar results have been found in other studies 
evaluating longitudinal coronal fractures (1, 3, 4, 29). The initiation of a coronal fracture may 
rely on factors such as occlusal forces, existing restorations and decay leading to the weakening 
of sound tooth structure. The association found between intrapulpal cracks and age is likely due 
to repeated physical and chemical insults over time resulting in the apical propagation of existing 
coronal fractures.  
As previously mentioned, the diagnosis of a cracked tooth can be challenging for 
practitioners due to the array of symptoms and the difficulty of visualizing the crack. Diagnosis 
is further complicated when cracks coexist with other etiologies of pulpal and/or periapical 
disease such as deep caries or deep restorations. This can be confusing and practitioners may 
refer these teeth for endodontic treatment without investigating all possible sources of infection. 
Abbott and Leow (1) evaluated 100 consecutive teeth in 76 patients diagnosed with reversible 
pulpitis due to cracks. In their study only 9% of cases were referred for the evaluation of a 
suspected crack. The study herein found similar results with only 8 teeth referred with a 
suspected crack. Although 6 of the 8 teeth transilluminated positive confirming the existence of a 
suspected crack, only 3 of these cracks were visualized within the pulp chamber. It is possible 
that these referred teeth with confirmed coronal fractures coexisted with other etiologies leading 
to pulpal disease. Although an intrapulpal crack was visible in only 3 of the referred teeth, the 
referral of a suspected crack increased the overall probability of an intrapulpal crack from 9% to 
38%. This finding suggests that the referral of a suspected crack alone in a tooth requiring non-
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surgical endodontic treatment justifies thorough inspection of the pulp chamber for intrapulpal 
cracks.  
Historically, the diagnosis of a longitudinal coronal fracture is made after clinical testing 
and direct visualization. Transillumination and staining as well as the existence of biting pain on 
release and periodontal probing have been widely accepted tools aiding in the diagnosis of 
coronal fractures (3, 4, 16). The armamentarium used for the diagnosis of coronal fractures were 
evaluated for predicting the existence of intrapulpal cracks. It was found that positive 
transillumination, positive Tooth Slooth™ test and probing depths greater than 4mm were 
predictors of intrapulpal cracks. A total of 17 intrapulpal cracks were identified in this study and 
12 (57%) of these teeth transilluminated positive at the initial evaluation. Tooth Slooth™ testing 
produced pain upon biting or release in 6 (33%) of the 17 cases identified and probing depths 
greater than 4mm were found in 25% of the intrapulpally cracked teeth. Transillumination was 
the most accurate single predictor of intrapulpal cracks. A total of 21 mandibular molars were 
positively transilluminated during their initial evaluation confirming the existence of coronal 
cracks in these teeth. However, only 12 of these cracks were identified intrapulpally during 
endodontic treatment. One possible explanation for this is that some coronal cracks may have 
propagated close enough to the pulpal tissues allowing the penetration of bacteria and/or 
bacterial by-products through dentinal tubules resulting in pulpal disease. Technically no cracks 
would have been located within the pulp chamber of these teeth during microscopic inspection. 
Another explanation could be the propagation of coronal cracks penetrating the roof and not the 
walls of the pulp chamber. After endodontic access the intrapulpal crack would have been 
removed along with the roof and the intrapulpal crack would not have been identified. Only 
intrapulpal cracks located on axial walls or pulpal floors could be identified in this study. There 
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were 4 such cases documented in which a coronal crack was visualized terminating just above 
the pulpal dentin junction possibly involving the roof and not the walls of the pulp chamber. 
Until new techniques are available to completely describe the internal characteristics (roof, walls, 
and floor) of cracked teeth, access and direct visualization may yield limited results (walls and 
floor).  
No single predictor was found that accurately identified intrapulpally cracked teeth 
greater than transillumination (57%). Therefore, further statistical analysis was utilized to 
identify significance among variables for predicting intrapulpal cracks. After the adjusted 
analyses, age and probing depth were found to be jointly significant indicators for intrapulpal 
cracks. Logistic regression analysis revealed age and probing depths of greater than 4mm 
predicts the probability of an intrapulpal crack with an estimated sensitivity and specificity of 
71% (Figure 1). A positive Tooth Slooth™ test was also shown to accurately predict the 
probability of an intrapulpal crack when age and probing depth were accounted for as shown in 
Figure 2. This means that a tooth requiring non-surgical root canal treatment or retreatment in a 
person over 40 years with a probing depth greater than 4mm and a positive Tooth Slooth™ test 
has the highest probability of an intrapulpal crack associated with a first or second mandibular 
molar.     
Staining a tooth with a suitable agent (for example methylene blue, iodine, or gentian 
violet dye) has been suggested for highlighting and identifying coronal cracks (3, 8, 9, 29). The 
results of this study failed to show any diagnostic benefit in identifying intrapulpal cracks with 
the application of methylene blue stain under microscopic inspection. Of the total number of 
intrapulpal cracks identified, only one in 17 were diagnosed after the staining protocol was 
followed. This is probably due to the ease of crack identification under magnification on the flat 
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surfaces of pulp chamber walls after straight-line access is achieved. Furthermore, these cracks 
may have already been “stained” from the adherence tissue and debris after the initial access or 
the collection of hemosiderin and breakdown products following complete or partial pulpal 
necrosis. It is a notable finding that microscopic inspection without staining is adequate for 
routine inspection and identification of intrapulpal cracks. However, it must be emphasized that 
the protocol followed for identification of intrapulpal cracks required a magnification of at least 
11.33x depending on the focal length of the objective. Further studies are needed to determine if 
staining is beneficial for the identification of intrapulpal cracks under lower magnifications. 
The overall prevalence of intrapulpal cracks has been identified for first and second 
mandibular molars requiring non-surgical endodontic treatment or retreatment. Clinical 
predictors for the existence of intrapulpal cracks have also been identified with age, probing 
depth, transillumination, and a positive Tooth Slooth™ test being the most predictive indicators.  
Due to the retrospective nature of this study not all data was recorded in all cases. 
Missing data can be attributed to residents not documenting the required fields outlined in the 
cracked tooth clinic protocol. Findings herein show that the clinical tools used for diagnosing 
and visualizing the existence of coronal fractures are useful for predicting intrapulpal cracks. 
This infers that a relationship may exist between coronal fractures and intrapulpal cracks but 
future studies with large population sizes are needed to draw strong correlations.  
Staining had no positive benefit for the identification of intrapulpal cracks under 
microscopic examination during orthograde non-surgical treatment. Further studies are needed to 
confirm this finding that involves different teeth and a larger population.  
The existence of an intrapulpal crack is currently an unknown variable potentially 
affecting the outcome of success after non-surgical root canal treatment. The effect these 
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intrapulpal cracks pose on the long-term outcome of non-surgical root canal treatment and 
retreatment is yet to be determined.  
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Conclusion 
 
 
Intrapulpal cracks describe cracks located in the walls of the pulp chambers of teeth, 
which allow a direct communication of the pulpal tissues to the external environment. One 
hundred and ninety mandibular molars requiring non-surgical root canal treatment or retreatment 
were evaluated for the existence of intrapulpal cracks after access under microscopic visual 
inspection. The prevalence of intrapulpal cracks in first and second mandibular molars was found 
to be 9%. Transillumination, Tooth Slooth™ test, probing depths greater than 4mm were all 
predictors of intrapulpal cracks. Transillumination was the single best predictor identifying 57% 
of intrapulpally-cracked mandibular molars.  No relationship between the existence of 
intrapulpal cracks and gender, tooth number, existing restorations or the pulpal and periapical 
diagnosis existed. The referral of a suspected crack increased the overall probability of an 
intrapulpal crack from 9% to 38%. Methylene blue stain failed to show any diagnostic benefit in 
identifying intrapulpal cracks under microscopic inspection. Future studies with larger sample 
sizes are needed to investigate the prevalence and predictors of intrapulpal cracks for individual 
teeth. The relationship between these cracks and the success of endodontic treatment is yet to be 
determined. 
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Appendix 
 
 
Mandibular 1
st
 and 2
nd
 Molars Requiring Initial NSRCT or RETX 
 
Axium #:  _________________        Resident:      _______ 
 
Tooth #:  _________________          Date:  _______ 
 
Male  ____            Female  ____            Age  ____ 
 
I.  Subjective Questions: 
1. Is this tooth being referred to you for an evaluation of a suspected crack? 
 
Yes____ 
No ____ 
 
2. Does the patient report a history of pain that is provoked by chewing/biting? 
                                                                      
Yes____   ***Tooth slooth test? 
                  No ____                    Positive  ___(pain on release) 
                                                                                    Negative___ 
3. Do you expect that transillumination of this tooth will reveal a crack? 
 
 Yes ____ 
  No ____  
 
 
II.  Clinical Examination: 
 
1. Are any probing depths of this tooth greater than 4mm?  
 
                                                 Yes____  (is there a crack associated with this? Ye 
 No ____ 
 
2. Did transillumination of this tooth reveal a crack? 
 
Yes____  
No ____    
  34 
 
3. Circle the type of restoration present:                
 
        A.  NONE                                          C.  2 surface (MO)(DO)(OL)(OB)  
      
        B.  1 surface (O),(B),(L)                    D.  3 surface (MOD)(MOB)(MOL)(DOB)(DOL)(BOL) 
 
        E.  4+ surfaces (MODB)(MODL)(MOBL)(DOBL)        F. Crown  
 
 
            
III.  After Clinical Examination and Testing: 
 
Diagnosis:                                       
Pulpal (circle one)                           *** Is this the most distal tooth in the arch?              
Normal pulp                                 
Symptomatic Irreversible Pulpitis                                 Yes ____ 
Asymptomatic Irreversible Pulpitis                                                 No ____ 
Reversible Pulpitis 
Previously Treated / Initiated 
Necrotic Pulp 
Apical (circle one) 
Symptomatic Apical Periodontitis  
Asymptomatic Apical Periodontitis  
Acute Apical Abscess 
Chronic Apical Abscess 
Normal Apical Tissues 
Condensing Osteitis 
Suspected Etiology of Disease Prior to Access (circle one) 
Caries                    
Trauma 
Crack 
Iatrogenic – Restorative Trauma 
Persistent Infection  
Elective  
Unknown 
 
  35 
 
 
IV.  Methylene Blue Staining/Image Documentation Protocol:  
 
 After Rubber Damn Isolation and prior to access, take picture at magnification of 0.6  
 
 After cleaning and shaping root canal system inspect the chamber for any intrapulpal 
crack under magnification of 1.6  
 
1. Did microscopic inspection of the chamber reveal a crack (prior to staining)? 
 
Yes__  
 
 No__ 
If no intrapulpal crack is located: Stain entire pulp chamber with methylene blue for 5 
minutes. Rinse with NaOCl, dry and inspect pulp chamber for cracks under 
magnification of 1.6  
 
2. Did staining and microscopic inspection of the pulp chamber reveal an intrapulpal crack?   
               
              Yes __ 
     
   No __ 
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Date Tooth Gender Age 
Suspect 
crack? 
Pain on 
Biting? 
Probing 
> 4mm 
Did 
trans 
reveal 
crack? 
Type of 
restoration Pulpal diag 
Apical 
diag 
Crack 
before 
staining? 
Crack 
after 
staining? 
7/31/2013 19 m 20 no yes/slooth- yes no none necrotic chronic aa no no 
8/5/2013 30 f 57 no no no  crown sip normal   
8/2/2013 19 m 36 no yes/slooth+ no no crown previously tx chronic aa no no 
8/2/2013 19 m 16 no no no  2 surface necrotic sap   
7/18/2013 18 f 34     2 surface necrotic sap   
7/30/2013 19 m 15 no no no  none sip normal   
7/30/2013 30 f 23 no no no no 2 surface necrotic sap no no 
7/30/2013 31 f 55 no no no  none necrotic normal   
7/16/2013 19 f 21 no no no  none sip normal   
7/24/2013 19 f 62 no no no no crown previously tx acute aa no no 
7/16/2013 30 m 18 no no   2 surface necrotic chronic aa   
7/17/2013 19 f 41 no yes/slooth+ no yes 2 surface sip sap yes yes 
7/31/2013 18 f 70 no no no  2 surface necrotic sap   
7/15/2013 18 m 38 no no no no none sip normal no no 
6/19/2013 18 f 28 no yes/slooth+ no yes 2 surface necrotic sap no no 
8/2/2013 19 f 41 no  yes no crown previously tx asap   
6/14/2013 30 m 46  yes yes  1 surface sip sap   
6/12/2013 19 f 25 no no no no none sip normal no no 
8/9/2013 30 m 17 no yes/slooth+ no  3 surface sip sap no no 
6/5/2013 19 f 21 no no no  2 surface sip sap   
6/4/2013 18 m 46 no no no no none sip asap no no 
7/17/2013 18 f 75 no no no no crown previously tx asap yes yes 
7/10/2013 30 f 10 no no no  none sip normal   
5/29/2013 31 m 30 no no no   asip sap   
6/3/2013 30 f 34 no no no  3 surface sip normal   
4/6/2013 30 m 27 no no no yes 4 surface sip sap no no 
5/17/2013 19 f 23 no yes/slooth+ no no none sip asap no no 
6/3/2013 19 m 17 no no no no none sip normal no no 
6/12/2013 18 m 57 no no no no 1 surface sip sap   
5/6/2013 19 m 19  no   1 surface sip sap   
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Date Tooth Gender Age 
Suspect 
crack? 
Pain on 
Biting? 
Probing 
> 4mm 
Did 
trans 
reveal 
crack? 
Type of 
restoration Pulpal diag 
Apical 
diag 
Crack 
before 
staining? 
Crack 
after 
staining? 
6/26/2013 30 f 14 no yes/slooth+ no  crown previously tx sap no no 
8/13/2013 18 f 55 no no no no 3 surface previously tx normal no no 
6/5/2013 30 m 14 no no no no none sip normal no no 
4/9/2013 31 m 49 no no yes  crown previously tx asap   
6/12/2013 30 f 50 no no no  3 surface necrotic sap   
6/5/2013 31 f 66 no no yes  crown sip sap no no 
5/3/2013 19 f 38 no no no  none sip normal   
5/22/2013 18 f 18 no yes/slooth+ no no none sip sap no no 
7/22/2013 30 m 29 no no no no 4 surface previously tx asap no no 
4/12/2013 31 f 51 no yes no no 1 surface sip sap no no 
6/21/2013 30 f 49 no no no  1 surface asip sap no no 
4/24/2013 31 f 48     2 surface sip sap   
4/16/2013 30 f 40 no yes no  1 surface sip sap no no 
5/22/2013 31 m 39 no yes no  none sip sap   
4/30/2013 19 f 17 no yes no no 1 surface previously tx sap no no 
7/16/2013 30 m 28 no no no no 2 surface asip sap no no 
4/2/2013 30 m 66 no yes/slooth+ no no crown necrotic sap no no 
7/30/2013 19 f 39 no yes/slooth- no no 2 surface sip sap no no 
4/8/2013 19 f 58 no no no  none sip asap   
4/9/2013 31 m 17 no yes no no 1 surface necrotic normal no no 
5/10/2013 30 f 14 no no no no 1 surface sip sap no no 
4/24/2013 30 f 14 no no no no 1 surface sip sap no no 
7/9/2013 19 m 54 no no no no crown previously tx sap no no 
4/9/2013 19 f 53 no no no no 3 surface necrotic chronic aa no no 
4/19/2013 19 m 19 no no no  none sip sap yes yes 
3/27/2013 31 m 49 no yes/slooth+ no yes 2 surface necrotic sap yes yes 
3/26/2013 19 f 32 no no no no 3 surface sip sap no no 
4/3/2013 30 m 20 no no no  4 surface sip asap   
4/12/2013 19 f 13 no no no no 1 surface previously initiated sap no no 
5/20/2013 19 m 17 no yes no  2 surface necrotic sap no no 
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4/12/2013 30 f 52 no no no  2 surface necrotic chronic aa   
4/8/2013 19 m 62 no no no no 1 surface asip normal yes yes 
4/8/2013 30 f 15 no no no no 2 surface necrotic acute aa no no 
3/6/2013 19 f 26 no no no  1 surface sip sap   
3/20/2013 19 m 21 no no no  3 surface necrotic acute aa   
6/7/2013 19 f 56 no no no  2 surface asip asap   
3/4/2013 30 f 23 no yes no  none sip sap   
3/13/2013 19 f 24 no yes yes yes 4 surface necrotic chronic aa no no 
4/24/2013 30 f 17 no no yes no none sip asap no no 
6/3/2013 30 f 18 no yes no no crown previously tx sap no no 
6/3/2013 19 f 14 no yes no no crown previously tx sap no no 
3/11/2013 19 f 9 no no no no none sip asap no no 
5/20/2013 19 f 12 no yes yes  none sip sap   
3/18/2013 30 m 34 no yes no no 2 surface necrotic sap no no 
2/25/2013 31 f 53 yes yes/slooth+ yes yes 1 surface sip sap yes yes 
4/1/2013 19 f 17 no no no no 4 surface previously initiated asap no no 
4/30/2013 30 m 72 no  yes  crown previously tx chronic aa   
6/5/2013 19 m 43 no yes/slooth+ yes yes 2 surface previously tx chronic aa yes yes 
3/27/2013 30 m 22 no no no  2 surface previously tx sap no no 
3/6/2013 30 f 57 no yes no yes 1 surface necrotic sap yes yes 
4/3/2013 19 m 28 no no no no none sip normal no no 
3/26/2013 18 f 41 no no no no none sip normal no no 
2/22/2013 19 f 15 no yes no  crown sip sap no no 
2/18/2013 19 m 15 no yes no no 1 surface necrotic asap no no 
2/26/2013 30 m 35 no  yes  crown previously initiated chronic aa no no 
3/11/2013 30 f 22 no  no  crown necrotic chronic aa   
4/26/2013 31 m 25 no yes no no none sip sap no no 
5/7/2013 30 f 58 no yes no  crown necrotic sap   
3/18/2013 19 f 14 no no yes no none sip normal no no 
6/17/2013 30 m 42 no  no  crown previously tx asap no no 
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2/20/2013 30 f 30 no yes no no 1 surface necrotic acute aa no no 
6/18/2013 19 f 30 no yes no no 2 surface necrotic acute aa no no 
6/26/2013 19 m 60 no no no no crown necrotic asap no no 
4/19/2013 19 m 25 no no no no 2 surface necrotic acute aa no no 
6/5/2013 19 f 28 no yes no no 1 surface previously tx sap no no 
7/29/2013 18 m 59   yes no crown necrotic asap   
3/22/2013 31 f 31 no no no  2 surface necrotic sap   
3/18/2013 31 f 35 no no no  3 surface sip normal   
4/22/2013 19 f 24 yes no no yes 4 surface previously tx asap no no 
6/25/2013 19 f 24 no no no no 2 surface necrotic sap   
3/4/2013 18 m 29 no no no no none necrotic normal no no 
3/19/2013 31 f 44 no no no no 2 surface previously tx normal no no 
7/15/2013 18 f 34 no no no no none asip normal no no 
4/9/2013 19 m 18 no yes no  1 surface previously tx sap   
4/24/2013 18 f 16 no yes no no none sip sap no no 
6/11/2013 30 f 62 no no yes yes 1 surface necrotic sap no yes 
7/16/2013 30 m 57 no no no yes 1 surface sip sap yes yes 
4/9/2013 31 f 25 no no no no 2 surface previously initiated sap no no 
2/25/2013 31 f 41 no no no no 1 surface necrotic chronic aa no no 
4/24/2013 19 f 52     4 surface previously tx asap   
3/18/2013 18 f 60 no yes no no crown sip sap no no 
3/20/2013 19 m 38 no no no  none necrotic sap   
4/8/2013 19 m 32 no yes/slooth+ no no none sip sap yes yes 
3/12/2013 30 m 51 no yes/slooth+ no no 4 surface sip sap no no 
6/3/2013 19 m 70 no no no no crown necrotic sap   
3/12/2013 30 m 13 no yes no no 1 surface necrotic chronic aa no no 
7/22/2013 19 f 81 no no no no crown necrotic sap   
4/24/2013 19 f 65 no  no  1 surface previously tx acute aa   
3/5/2013 30 m 40 no yes no no 3 surface necrotic sap no no 
3/4/2013 30 m 62 no no no  4 surface sip normal   
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2/22/2013 19 m 27 no no no no 3 surface sip normal no no 
4/5/2013 19 f 71 no no no no crown normal normal   
7/24/2013 31 f 15 no yes no no crown previously tx sap no no 
3/4/2013 30 f 46 no no no  crown previously tx chronic aa   
4/23/2013 19 m 41 no  no  crown previously tx asap   
7/1/2013 30 m 35 yes yes   crown sip sap no no 
4/26/2013 19 m 20 no no no no 2 surface previously initiated normal no no 
6/3/2013 31 m 61 no  no  none normal normal   
3/26/2013 31 m 63 no yes no  crown necrotic asap   
3/13/2013 18 m 33 no  yes   previously tx chronic aa   
7/22/2013 30 m 18 no yes/slooth- no no none asip sap no no 
3/27/2013 30 f 74 no no yes  crown necrotic chronic aa   
6/17/2013 19 m 72 yes yes/slooth- no no crown necrotic sap no no 
3/4/2013 19 m 29 no yes no no 3 surface sip sap no no 
3/13/2013 31 f 27 no no no  2 surface sip normal   
7/24/2013 19 m 62 no no no no crown necrotic sap no no 
5/7/2013 30 f 43 no no no no 4 surface previously tx asap no no 
5/6/2013 30 m 63 no yes/slooth- no no 2 surface sip sap no no 
6/18/2013 30 f 64 yes no yes yes 1 surface necrotic sap yes yes 
7/22/2013 30 m 71 no no yes  3 surface necrotic chronic aa   
3/19/2013 31 f 79 no no yes no crown necrotic asap no no 
3/29/2013 31 f 19 no yes yes  none asip sap no no 
4/25/2013 30 f 63 no no no no crown sip asap no no 
4/8/2013 30 f 35 no no no  crown sip sap   
8/7/2013 30 f 55 no no no  2 surface necrotic sap   
2/26/2013 30 f 56 no  yes  crown previously tx sap   
6/18/2013 30 f 42 no no no no 2 surface sip asap no no 
5/8/2013 18 m 30 no no no no none sip normal no no 
7/15/2013 19 f 49  yes/slooth+ no yes 1 surface sip sap   
3/15/2013 30 m 37 no no no  2 surface previously initiated asap no no 
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5/30/2013 18 f 56 no yes yes  crown sip sap no no 
2/15/2013 18 f 58 no no yes yes 1 surface necrotic sap yes yes 
2/28/2013 19 f 28          
5/22/2013 31 f 70 no yes/slooth+ no no crown previously tx sap no no 
4/24/2013 30 f 68 no no no no crown previously tx asap no no 
2/25/2013 30 f 53 no no no  crown previously tx sap   
2/25/2013 30 f 53 no no no no crown previously tx sap no no 
3/4/2013 19 m 19 no no no  2 surface sip normal   
6/5/2013 19 f 29 no yes/slooth+ no no crown sip sap no no 
2/22/2013 30 m 17 no no no no crown previously tx asap no no 
6/25/2013 31 m 55 no yes/slooth- no yes 2 surface necrotic asap no no 
5/6/2013 19 m 67 no no no  crown necrotic sap   
2/27/2013 19 m 62 yes no no yes 4 surface previously tx asap no no 
4/12/2013 19 m 17 no no no no 2 surface asip asap no no 
4/22/2013 30 f 15 no no no no 1 surface sip sap no no 
8/5/2013 19 f 12 no no no no none necrotic asap no no 
3/18/2013 18 f 66 no no no no 4 surface sip normal yes yes 
6/5/2013 31 m 55 no yes no no crown normal normal no no 
6/19/2013 30 f 15 no no no no 4 surface previously initiated asap no no 
7/22/2013 19 m 19 no no no  crown sip normal   
7/9/2013 18 m 52 no no no no 4 surface necrotic asap no no 
3/18/2013 31 f 59 no no no no 2 surface necrotic chronic aa no no 
5/7/2013 30 m 69 no no no  crown sip normal   
2/27/2013 18 m 65 yes no yes yes 2 surface necrotic chronic aa yes yes 
6/19/2013 18 f 13 no no no no none sip asap no no 
4/26/2013 31 m 66 no no no no crown normal normal no no 
4/9/2013 19 m 22 no no no no 2 surface sip normal no no 
3/6/2013 31 f 17 no no no  1 surface sip normal   
6/19/2013 30 f 57 no yes yes yes 1 surface necrotic sap yes yes 
5/7/2013 31 m 69 no no no no crown previously tx chronic aa no no 
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5/1/2013 19 f 60   no  crown previously tx asap   
3/11/2013 30 m 65 no no no  crown previously tx asap   
7/1/2013 30 m 57 no no yes no crown previously tx asap no no 
5/6/2013 31 f 52 no yes/slooth+ no yes 2 surface necrotic sap yes yes 
6/3/2013 30 m 81 no no no no crown previously tx asap   
4/1/2013 19 m 70 no no no  crown previously tx asap   
4/24/2013 30 f 53 no no no yes none normal normal no no 
6/26/2013 31 f 55 no no yes no crown necrotic chronic aa no no 
3/13/2013 19 m 54 no no no no 2 surface necrotic acute aa no no 
3/8/2013 18 f 54 yes yes/slooth+ no yes 2 surface sip sap no no 
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